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COMPARISON OF WIND-TUNNEL A.ND FLIGHT ~MEASURE%lENTS OF STABILITY AND
CONTROL CHARACTERISTICS OF A DOUGLAS A-26 AIRPLANE

By GERALD G. KAYTEN and WILLIAM KOVEN

SUMMARY

Stability and control characteristics determined from test-s in
the Langley 19-foot pressure tunnel of a 0.W7&scaJe model of
the Douglas .K4–26 airplane are compared un”ththose meairured
in $ight tests of a Doug[aa A4’6B airplane.

Agreement regarding @tatic kmgitwdina~ 8tabi@I as indi-
cated by the eleMor-fied neutral point~ and by the rariation of
elerator de~ecticm in both 8traight and humingjfight wa8 fom.d
to be good except at gpeeds approaching the stall. At the8e low
~pteds the airplane posemed noticeably irnprored 8tabi[ity,
which uw attributed to pronounced stalling at the root of the
production w“ng. The pronounced root stalling did not occwr
on the ~mooth, well--aired model uing. Elerator tab eJecti~e-
nes8 determined from model tesk hgreed well un”th$ight-test tab
eJeetirenes8, but control-force radiations with &peed and accel-
eration were not in good agreement. Although some discrep-
ancy was introdumd by the absence of a seal on the model
eleratir and by small di&ence8 in the determination of elerator
de$ection8, correlation in control-force charactem”h”cswas a180
influenced by the efed of fizbn”c distortion at high 8peeds and
by small con#ruction dissimilarities such as diJerences in
trailing-edge angle. Iikcept for the ware-o~ condition., in
which the tunnel results indicated rudder-force rerer8al at a
higher &peed than the flight tests, agreement in both rudder-
fied and rudder-free 8tatic directional 8tabiiity WU8 good.
Model and airplane indication of 8tick--xed and 8tiek-free
dilwdral eJect uwe also in good agreement, although some
di~erence in geometric dihedral may hare em”sted because of
mung bending in $ight. me u~e of model hinge-moment data
obtained at zero side81ip appeared to be satisfactory for the
determination of aileron forces in sideidip. Fairly good cor-
relation in aileron efectireness and control forces was obtuined;
fabric distortion may hare been respmwible to some eztent for
higher $ight due8 of ai[eranjorce at high 8peed8. l?8timatimz
of sideslip dere[oped in an abrupt ai[eran roll was fair, but
determination of the rudder de$ection required to maintain
zero sideslip in a rap-d aileron roll waa not entirely satisfactory.

INTRODUCTION

Although the qurditative reliability of wind-tunnel stability
and control test resuks is generally accepted, ~ery few
opportunities have arisen for determination of the quanti-
tative agreement between measured flying qualities of an
airpIane and flying qualities predicted on the basis of model
tests.

In connection with the development of the Douglas A-26
twin-engine attack bomber} a series of investigations has
been conducted at the LangIey Laboratory of the A’ational
Advisory Committee for Aeronaut its. These investigations,
the resuh% of which have not been published, included tests
of a. 0.2375-scaIe powered model of the XA-26 airplane in
the LangIey 19-foot pressure tunneI and flight tests of an
A–26B airplane. By use of the unpublished wind-tunnel
data, calculations have been made predicting the flying
quaIities of the airphme for correlation with the character-
istics measured in the flight teats. The results of the corre-
lation are presented herein; the flyiug qualitiw are not dk-
cussed except for the purpose of comparison.

MODEL, AIRPLANE, AND TESTS

Photographs and drawinga of the A–26B airplane and the
XA-26 model are shown as figures 1 and 2, respectively.
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FIGW 1.—Threequarter front dews of Dmglas A-% drplane md mrdel.
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FIQUEE2.—Thre@-viewdmwings of a Douglos A-XI afrpkme and model.

In table I general dimensions nnd spccifimtions are shown
for the airplane and the model, as well as for the model scaled
up to airplane size. Some discreprmcics of negligible impor-
tance are noted in this table but it can be seen that, with
respect to general climensions, the .XA-26 and the A–26B
are essentially the same airplane. As shown in figure I, the
model during the stability ancl control tests was” equippwl
with a fuselage nose which was somewhat Mermk from that
of the airplane. The spinners shown on the model propellers
were not used on the airplane, and the airplane oil-cooler
ducts outboard of tho nacelles were removed from the model
wing during the stability and control tests with the exception
of the aileron tests.

Swwal more signifhnt diflwvnccs existed txlwwn k

model and the uirplano. Wring most of the t.umwl tusks
the model rudrhw and the ckwator, which wrrr of tlw plain
overhang-balance typt>, rmmined UINCRIW1, but thv liirplnnc

controI surfaws were cquipprd with rubbwimd wmws scds.
The control surfacrs, rdl of which werr fa)wic-covcrw.l on
the airplane, werr of rigid mctul construction cm tlw nmdc],

The airplatlc ailerons were equipped with balancing (h

arranged so that S0 of aihvon Mhwtion prmluccd ajqwoxi-

mateIy 3° of opposite tab defkwt ion. 011 lhr Inwkl 111(2

balancing ttib when connoctwl moved 10 for a ]0 nilrron

deflection.
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TABLE I—GENERAL DIMENSIONS AATDSPECIFIC.ITIOIW
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Thin met al strips were fastened to the upper and lower
surfaces of the airpkme elevator causing small ridges directly
in front of the tab. These ridges were not represented on
the model, but their effect on eIevator and tab characteristics
is believed to be negligible.

The wind-t unnel program included a fairly exterwiye series
of conventional stability and control tests. The model
aileron tests were made at a Reynolds number of approxi-
mately 5.4X 108. The remaining model tests were made at
MRqynolds number of appro-ximat ely 3.6 X 10~ except for the
tests at high thrust coefficients, which because of model
motor limitations were made at Reynolds numbers reduced
to approximately 2.6X106. The portion of the flight tests
devoted to stability ancl control were of the type usually con-
ducted by the NACA for the purpose of determining the
flying qualities of an airplane. The weight. of the airplane,
which varied from 27,000 to s 1,000 pounck in the flight tests,
was assumed for the analysis of the tunnel data to be 28,000
pounck corresponding to a w&u loading of 51.8 pounds per
square foot. The analcysis was based on an altitude of 10,000
feet, which represented an approximate mean of the flight-
iest ahitudes.

Analysis of the tunnel data has been rnacle for conditions
represent ing airplane rated power and 75-percent rated
power at the appropriate airplane weight anc~ altitudes and
for a gliding flight condition. In representation of the gliding
flight condition, it has been assumed that engines-idling

and zero-thrust conditions may be considered identical.
Any discrepancy in results introduced by the ditTerence
between these power conditions probably will be small.

In computing elevator, aiIeron, and rudder control. forces
from model hinge-moment. data, the corresponding control
linkages measured on the airplane were used.

COEFFICIENTS AND SYMBOLS

elevator defkwtion, degrees
flap deflection, degrees
tab deflection, degrees

()hinge-moment coefficient #$,

indicated airspeed, miles per hour
elevator cOntrol fo;cehp~unds

‘k’ coefficientbw
pb
~. wing-tip helix angle, radians

Lift
()

CA lift coefficient ~~

,where
hinge moment, foot-pounds
span of control surface, feet
root-mean-square chord, feet

dynamic pressure, pounds per square foot
()

; pv

mass density of air, slugs per cubic foot
airspeed, feet per second
total thrust (two propeHers), pounds
propeller diameter, feet
roIIing velocity, radians per second
wing span, feet
wing area, square feet
angIe of attack, degrees
tail angle of attack, degrees
accehxatiou of gratity, feet per second per second

RESULTS AND DISCUSSION
LONGITUDINAfJ STABfLf’IT AND CONTROL

Curves of elevator angle and elevator control force required
for trim in straight flight throughout the speed range are
shown in flggue 3. Trarious flap and power combinations are
considered at three center-of~ravity locations. For the
flaps-retract ed conditions, the tunnel control-force curves
were obtained by applying the tab-effectiveness data of
figure 4 to the tab-rwutral curves estimated from the tunnel
hinge-moment data. The amount of tab deflection required
to adjust the tund curve for trim at the flight-test trim
speed was determined for each power condition and center-of-
gravit.y location, and this amount of tab deflection was . . .
assumed constant. throughout the speed range. Inasmuch
as model trim-tab tests were not macle with flaps deflected,
the trimmed control-force curves for this condition viere
obtainecl by means of a- constant adjustment- to each origihal
c~e of ~b agatit CL. This constant- hinge-moment slift
is believed justified because the data of figure 4 indicate a
neg~oible change in tab effectiveness tith change in power
(ffapsretmcted) and because analysis of stabiker-effectiveness
data indicates that the variation in a-re~~e dynamic-
pressure rat io with speecl is smaII for the flapsdeflected con-
dition. The flaps-deflected control-force curves for zero
trim tab are inch~ded in figure 3.
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The sideslip required for straight flight at low speeds w%
considered to have a negligible effect on the longitudi@
characteristics of this airplnne; hence, the characteristms
determine-d from tunnel data are based on tests at zero
sideslip.

The variation of tab dectivene~. .-with speed hM been
caIc.ulated from flaps-retracted wind-tunnel tests made at
elevator-tab settings of 3° and —3° with 6,=0° and is shown
in @ure 4 compared with the flight-test curve.

Elevator deflections and control forces in steady turning
flight are shown in figures 5 to 7 for va~ious center-of-gravity
locations. The calculated results are lm.scd on tunnel tests
at the thrust coefficient approximately corresponding to the
appropriate flight-test conditions.
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exist in tho dxdutm

elevator a-~les, the slopes of the curves in figures 3, 5, find 7
show good ‘agreement between tmuwl and fiigh~ results for
both straight and turning flight, except at spmls CIOSCto tlw
stall. At these low spt-wds, the flight data show prrmounmd
increases in the amount of up-elevator movement required for
speed reduction in straight flight. Thwc mnrkcd incrcm:s
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I

are not apparent in the turmeI data. This discrepancy in
results is beIie-wd due IargeIy to the fact that the production
airplane exhibited a decidedIy more definite stalI at the -iring
root. than did the smooth, @shed modeI. AIthough direct-
compmison of ident icaI configurations is not possibIe, the
difference in stalling characteristics at the wing root is
indicated by the diagrams of tunnel and flight-test tuft
studies sho-ivn in figures 8 and 9. The more pronounced root
staHi~U on the airplane would, in alI probability, be accom-
panied by a reduction in dowmvash and rate of downrrash
at the horizontal tail as well as a decrease in -U pitchirg
moment, resulting in an improvement in stability and
requiring greater up-elevator deflections for trim. At
higher akpeeds the a=mement betvieen flight and tuuneI
results is reasonably consistent. -with the experimental
flCCUraC~ Of both.

The tunneI and flight- curves of eIevator-fixed neutraI point
pIot.ted against airspeed in figure 10 for the ffaps-neutraI
conditions agree to within approximately 2 percent of the
mean aerodynamic chord except at Io-w speeds -mith idling
pomer. This difference is practically vrithin the bounds of
the experimental accuracy with which the flight and the
wind-t m-meI neutraI points me determined. The dis-
crepancy increases with reduced aimpeed as the a-irpIane
demonstrates comparatively greater stabiIity. Because of
the difficulty in obtaining consistent neutrtd-point redts,
partimdarly at very high airspeeds, neutraI points were not
determined for I@ speeds. The curves of figure 3 serve as
a measure of the stability in the high-peed mmge and are, in
fact, believed more reliable for comparison throughout the

-.

m Turbu.fenr
~ S7al..d

Frmm S.-Diagnuns O( stall prug?emlon lrr the glIdIng condltlon. Eng!nes f- flaIM
and landing mar UP: cowl flaw clos@ ril cooler one-holf opex Dourzlm .4-26B airplane.

speed range than the neutral-point cur-ies. .$lthough the
curves for the flaps-deflected conditions are inclucled for
completeness, direct comparison should not be made
inasmuch as the flap settings used in ~~ht and tunnel tests
are not identical.

Examination of the straight-flight control-force curves of
figure 3 rereaIs comparatively poor agreement between
tumel and flight results. The force measurements shown in
the tab-effectiveness curves of figure 4, however, are in
&YceIlent agreement. Both flight and tumel control-force
measurements are believed to be accurate to within appro.ti-
mateIy +3 pounds. Although some discrepancy in the
elevator-controI-force curws of figure 3 wordd be expected
because of the absence of a seal on the model elevator,
analysis based on brief check tests in which the model
ele-iator was sealed indicated that tlfferences of the mri=ti-
tude shown in figure 3 cannot be attributed to effects of tho
elevator seal In an effort to determine the cause of the dis-
agreement., the effects of the discrepancies in elevator deflection
vrere investigate ed. Hypothetical control forces were computed
from tunnel hinge-roomed data by using the values of elevator
deflection determined from flight rather than thoscdetermined
horn tuunel data. For these computations, the wind-tunnel
tab-effectiveness data -were used, but the tab deflection was
that employed in the flight tests. The curves obtainecl in
this manner are shown in @re 11 compared with the
flight-test data. In general, agreement in figure 11 appears
considerably improved; for sewmd flight conditions, in fact,
agreement is excellent up to speeds above 200 miles per
hour, beyond which the flight-teat curves become noticeably
more stable. This difference may be explained to some
extent by the observations of elevator-fabric distortion and
rnternaI pressures made during the flight tests. The
internaI pressures -were found to be only slightly higher than
free-stream static pressure, causing fabric distortion of the
type illustrated in&we 12. & demonstrated in reference 1,
elevator-fabric distort ion of this type may be expect ecl
to produce increases in the variation of force with airspeed
at high speeds. Inasmuch as the flaps-retracted flight-test
trim speeds of figure 3 are all in this high-peed range, the
trim-tab deflections required to trim the control forces
computed from tunneI data are different- from the tab
angles used in flight; and the controI forces originaUy com-
putecl from tunnel data (by using the amount of tab deflec-
tion required for zero force at the high-speed-flight trim
point) could not be expected to agree vveII tit-h the fLight
control forces. The lack of. agreement. in the origiial
results was further aggravated by the- elevatordeflection
differences at lo-ii speeds, caused by the root stalli~~ effects.

In addition to the effects of ele-ratordeflection differences,
fabric distortion, and eIe-rater gap, agreement in the control-
force results is believed to be influenced by small but sig-
nificant construction discrepancies as, for example, ditTer-
ences in surface condition and in trailing-edge angle. At a
representative section the trailing-edge angle measured on
the model elevator was 12.7°, whereas the corresponding
angle measured on the airplane was 11°. ATone of these
effects would be expected to influence appreciably the
agreement- in tab-effectiveness resuh.

S43107+*1O
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FIGL_EE 10.–VaristIon of neutral @d with ahpeed in straight fliiht.

& seen in ilgures 6 and 7, the flight tests show considerably
greater variations of ccmtrd force with acceleration, and
the values of force per g show considerab~y greater variation
with center+ f-gratit y Iocation, although the elevat or-free

maneuver point ~=0 is appro.sima.tely the same. Becaus;

the. absence of an elevator seal was believed to be more
significant in a.rceIerated flight than in straight flight, con-
trol forces were estimated for both the sealed and the unsealed
eIevators by assuming constant pitching-moment and hinge-

moment slopes and using the swded-deva tor hinge-moment
data obtained in the previously mentioned check tests. The
respective values of bC@& and W@mt used in these com-
putations were —0.0037 and – 0.0018 for the unserJed
elevator and – 0.0050 and —0.0032 for the sealed elevator.
The resihing curves of force per g against center-of-gravity
location are shown in figure 13. The curve for the unsealed
eIevator is practically identical with that previously deter-
mined for the unsealed elevator (&. 7) by the method of
reference 2. For the se&d elevator the values of force
per g are stiII very much Iower than the flight-test values,
aIthough the Ya.riation of FJg with center-of-gravity location
is more nearly paralleI to that determined in fti.ght.. The
comparison of control forces in accelerated flight has been
made at a fai.dy high speed. Reference I indicates that
fabric distortion of the type experienced in the A-26B
flight tests may be expected to produce increases in the wmia-
tion of force with acceleration in the normaI center-of-gravity
range and in the variation of force per g with center-of-
gratity locat ion. This comparison as weII as that for straight
flight would also be influenced by any differences in control-
surface construction.

&reement- in the curves of elevator-free neutraI point
against airspeed (&. 10 (c)) is rather poor and becomes worse
as the speed increases. The flight-test elevator-free neutraI
point moves rapidly rearward with increasing speed, and at
high speeds the airplane appears more stable with elevator
free than with eIevator fixed. It is beIieved that this Imge
rearward shift in the eIevator-free neutraI point with in-
creasing airspeed may be a result of the fabric distortion.

In general, the pree&t correlation indicates that successful
prediction of elevator control-force characterist ics from wind-
tunnel data can be made only if extreme care is used. in
representing closely the airphme in its construction form—
particuhdy with regard to the control surfaces. &reement
with flight measurements might ahio be improved consider-
ably if effects such as fabric distortion couId be taken into
account. ~ more beneficial scdution, however, would be to
minimize these effects in the construction of the airplane.

LATERAL STABILITY AND COXTROL

Steady-sideslip characteristics.-Characteristics of the
airplane in steacly sideslips, which are used as flight-test
measures of directional stability, directional controI, dihedral
effect, side-force characteristics, and pitching moment due
to sidesIip, are shown in figure 14. AIthough compIete
hhg+moment data for the model ailerons and elevator were
not obtained in sideslip, aileron forces in sidedip were esti-
mated from the tunnel data by taking into account the
cha~me in effective angIe of atttick due to sidedip but as-
suming no direct change in aileron hinge-moment charac-
teristics with sideslip.

For both idling and rated-power flight with flaps retracted,
@re 14 shows &~celIent agreement in the variation of
controI settings, angIe of bank, and rudder force with side-
slip, aIthough some difference exists in absolute values.
Some of the difference in absoIute vaIues may be due to the
fact that model tare tests were not made in sideslip. It is
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Model Nerator nodtabdwlwtions Identkal with tllgbt-td !41tfnpS,

espccidly interesting to not r thr close agrwmm t in the
variation of aileron angle with sideslip, whirh swvM as n
f@ht-tMt indication of dihrdra] [~ffrct. IL WM! found i,
the flight tests that thv airplane wing in normal [light [Ip- ~
pemed to bend upward noticeably with respect to its posi[ion
at rest. Despite the wing blwding, homwcr, the t~mount of
effective dihedral clet.erminwl from flight h& WRS tdso
found to be HOgreatm than that whirh would ordinarily I.w ‘
expected for an a.irplanc of this typ(’ with 4.5° of gromc( ric
dihedral. Analysis of tile &stic propwtiw of [INI model
wing under load indicates that the model wing bt.wling wns
negligible. On the basis of thu tigrccrnent. bctwccn model
and airphme results, it nppmrs tlmt t11[’obwrwi nirplnm~
wing I.wnding may l)tivc k{ very Iitth’ cfluet in iucroasing
the dihedral rffect beyond the normal nmmml for 4.5° of
geometric dihedral. Furthw infornmt ion rrgarding t IN
elastic propcrt ies of the airplane wing and thc cflccls of
these propcrtim would Iluvl’ bwn dcsirabh tmt wus not
availabti. ~omparison of tiw flight timl t unmd ailrron-
force curves appcms to indirate that lit tlr error was in[ re-
duced in determination of the Itittc’r by thv assumplioil that
aileron hinge-moment ebftract mist ics rcmminw{ untiflrrt rd
by sidcsiip. The sidwlip chmw%eristim with flaps dc-
flectwl do not ngrcc so closely as do the flaps-rrtractw.l
characteristics, particularly in the case of [he uilcron-
deflection and rudder-form vtwia lions. The Ilight-ksl
rudder forces show a tmdcncy toward rcvwsal in I&m

14(c) but do not act utilly reverse tts in the me of t lw model
forces. ‘At an airapecd slightly lovmr thnn thnt. for which “
the data are prcscmted, howmwr , rutider-force rewsnl did
appear in the flight tush in this wave-of~ condition. 13ihc-
dral eflect with flaps Whwtml and rated power at low spud
appem%-’somewhat lowor h the tumwl mcasurtrncnts thtm
in the fl@t data. ThP flap d@wtion, however, wm 5°
greater &Inthe model than on the airplane.

In figure 15, rudder hinge-momrnt chtirticterist iw esti-
mated from flight-test rudder kicks arc compared wit h ruddw
hinge-mQment chmartwist ics measured in tho .t umwl twd.a
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with flaps retracted. Uhough the rnocle~ rudder hinge-
rnoment and force results are for an unsetded rudder and are
also subject. to effects of d surface and traihg-edge
irregularity ies as in the case of the ele~ator results, agreement
in this respect is good. h preciously shown in @u.re 14,
the rudder forces in steady sideslip are in good agreement for
this flap condition. In regard to rudder hinge moments,
the t unml resuIts, which showed no positive values of the
parameter W@ce for the rudder, indicated that no rudder
snaking would occur in. flight. This indication mas con-
firmed in the flight tests.

Aileron chmacternstics, -hTo tunneI tests were made to
invest igate aileron characteristics for the 3 :S tab linkage
with which the airpIane mas tested. If, howwer, linear tab
effectiveness is assumed, these characteristics for the flaps-
retractecl condition can be eatimat ed from the resuhs of
tumeI tests of the pIain ailerons and the ailerons with a
1:1 balancing-tab ratio. Estimates of controI force and heli~

FIGCBE 13.-TtwifiIon of elevator eontml-forre grmilent mfthcenter-of%mvity Iwatkm
estimated ror sealed and unssded eleratc+s. I “i-Z@3miles K hour at IO,IXO%otaltitude;
J#Y; rated wwe~ stais turning flight.

FIG- 14.-Steody+fdesUp ohmcter!stim.
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angle made in this manner are compared with flight meas-
urements in figure 16 for indicated airspeeds of 135 and
383 miIes per hour. As rec:mmt$d in reference 2, helix

angles were estimated as -- —-2V- c+~where c1 is the totrd

aileron rolling-moment coefficient and a value of 0.57 was
used as the damping-moment coficient ctP. Altiough the
angIes of attack selected for these estimates correspond to
rat-d-power flight at the appropriate spmds, the modeI
aileron data were obtained in power-off static tests. Inas-
much as the tunnel measurements were made for right de
ody, the tunnel estimates are exactly symmetrical for right
and left rolls, whereas the flight results ‘are not. Agreement
in the curves of helix angle is excellent in the range whqe
comparison was poesibIe. There is, however, some indication
that the hm.nel estimates, based on the arbitrary 0.8 factor,
might be slightly optimistic for high deflections at high speed.
At the low airspeed, agreement in the force curves is good
except at the highest aileron .-deflections, wherg the controI
forces for given aileron deflections are slightly higher in the
flight records than in the tunnel estiinates. At the high speed,
the control force required in flight for a total aileron deflection
of 14° is approximately 40 pounds (or 38 percent) greater
than the force indicated by the estimated curve. The
greater discrepancies in the control forcas at the high speed
are believed largely due to the eflecb of aiIeron fabric

distortion. As in the case of the Awator, tho aileron fabric
was found in the flight tests to undergo considwddc dis-
tortion at this high speed. The distortion was inn clircction
to produce higher control forces.

If the assumption of Iinear tab eflectivencee is not entirely
valid, actual wind-tunnel tests with a 3:8 tab linkage wouki
indicate the. control forces somewhat lower thtin those esti-
mated herein for tho 3:8 linkage at the highrr deflections.

Sidesdip due to aiIeron deflection.-Curves of siticslip
angIe and rolling velocity ngainst time in an abrupt ruddcr-
fixed aiIeron roII out of a 30° Imnkcd turn ttre showm in
figure 17. In addition to the simplified sidcslip estimate of
reference 2, the motions have been calculated by tho opcml-
tional method of reference 3 and also by the tabulrtr-
intcgration method of rcfcrcnce 4, in which slope variations
in the curves of rolling-m omen t., yawing-moment, and sidc-
force coefficients against angle of sideslip arc tuken into con-
sideration. This method of tabular integration has been
shown in reference 4 b be more reliablo for gcnrral usc than
methods requiring the assumption of constant slopcw.

For the subject airphtnc, which cxhibitd cssentirtlly
constant slopes, the three mcthwis of computnt.ion basc(i on
wind-tunnel results appear t.a give very similar results with
respect t.a maximum sidcslip angIr, alI of which ttre ttpproxi-
mateIy 4° higher than tho flight-test vaIuc. Among the
factors possibly contributing to the lack of perfect wgrecmenb



is the difference between the instantaneous control deflection

assumed for the computations and the actuaI control move

ment in the flight test. Another factor infkenciug the

results may be the change in normal acceleration experienced

by the airpIane in its roll out of the turn. Although no
flight record of no~] acceleration was obtained for the test

in question, similar flight-test results indicate that a con-
siderable variation may have occurred during the maueuver.
&aIysis indicates that the change in normal acceIerat ion
and, consequently, lift coefficient may introduce conditions
considerably different from those considered in the theoreti-
cal calculations.

A simpIe static estimate of the amount of rudder deflection
required to maintain zero sideilip in an aileron roll was made
as suggested in reference 2; that is, it was assumed that the
desired rudder deffection -would be that required to counteract
the combination of aiIeron adveme yawing moment and yaw-
ing moment. due to rolling. The estimated wdue obtained
by this method was approximately 8° for flaps-retracted

2U0

too

t20
+-.

Left Righf

_ h fdd aikwm angkj a’eg

FIGUEII 18.—VartatLm of afleron wheel fom and hdlx @e @/21- with cimnge in tatal
rdleron angle fn rolls with redder flsed. flaLMretracted, and mted WWeI.

flight with Ievel-i@ht power at an indicated airspeed of 145
miles per hour. AIthough no flight-test data were recorded

._..—.-.

for full-aileron rolls at this flight condition in. which zerc
sideslip was maintained by means of -rarying rudder deflec-
tions, flight-test records for constsd rudder settings indicate
that- the rudder deflection estimated from tunnel results ““”
would be noticeably Iower than that required in @ht.
For se-rertd roils with partly deflected aiIerons, however,
essentially zero sidesIip was maintained, rmd the estimated
rudder deflections were found to be in fair rgreernent with
the ma.simum deflections required in flight.

CONCLUDING REMARKS

Stability and control characteristics determined from
LangIey 19-foot-pressure-t.unneI tests of a 0.2375-scale

o .4 .8 12 1.6 2B .24 28 22 .26
?Zmg sec

FIG- Ii.—Eo!Mg relwfQ and sbiedlp @e dminrf afferon roll cut d W hnfwf turn.
&-@;T-P14Smfb PEThouratW300-fmtaftitndq Ieti-Efght power.

powered model of the DougIas XA-26 airpkme have been
compared -with results of fight tests of a Douglas A–26B
airplane.

The significant redts of the comparison maybe summar-
ized as follows:

1. Good correlation was obtained regarding eIevator-fixed
neutral points and the variation of elevator deflection in both
straight and turnirg fLight except at speeds approaching the
stall At these IO-Wspeeds the airplane showed a distinct
improvement in stability not indicated by the model tests.
The difference was attributed to the fact that the pronounced
stalling at the root of the production airplane wing did not
take place on the smooth, well-faired model wing.
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2. The variations of elevator controI force with airspeed
and acceleration were not in good agreement. At.bough some
discrepancy was introduced by the absence of a seal, on the
model elevator and by small diffcrenc.es in absolute values of
elevator deflection, the correlation in control-force character-
istics was also influenced by the effects of fabric distortion at
high speeds and by small construction dissimilarities such as
di fierences in traiIing-edge angle.

3. Elevator tab effectiveness as determined from tunnel
data was in good agreement with flight-test tab effectiveness.

4. Agreement in both ruclder-iixed and rudder-free static
directional sttibility was good except in the wave-off con-
dition, in which the model tests indicated rudder-force
reverd at a higher speed t.ha~ the jlight tests.

5. hfoclel and airplane indications of stick-ilxed and sticli-
free dihedral effect were in good aggeement, rdthough some
slight difference in geometric dihedral may have existed
bemuse of wing bending in flight. The use of model hinge-
moment data obtained at zero sideslip appearecl to be satis-
factory for the determination of aileron forces in sideslip.

6. Fairly good correlation in aileron effectiveness .anci con-
trol forces was obtained. Fabric, distortion was believed
responsibIa to some estent for higher flight values of aileron
force at high speeds.

7. Estimation of s ideslip developed in an abrupt aileron
roll was fair, but determination of the maximum rudder
deflection required to maintain zero sideslip in an abrupt
roll was not entirely satisfactory.

On the basis of these findings, it tippPNIS that agrccnwnL
between stability and control chwwteristics estimated from
wind-tunnel results and those measured in flight. cMmoL be
completely sat isfactoly unlww ccrt ain fwtols now u.mnlly
neglected in wind-tunnul testing can bc taken into considwn-
tion. These factors involve small diflwvnccs tmtwwn thc
model and the airpInnc and include differences in clast ic prop-
erties, surface finish, and construction rlrrurwy. Thcsc IaC-

tors should be considcrcd, if possible, in futurr invcsti~ltions.

LANGLET XIEMORI.ALAERONAUTICAL 1,.+IIORATORY,

NATIONAL ADVISORY COiIWTTEE FOR AERONAUTICS,

LANGLEY FIELD, Y,\.,August 11, 1945.
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